The pharyngeal mesoderm of developing embryos contributes to broad regions of head and heart musculature. We have developed a novel method to study head and heart progenitor cell development with pharyngeal arches (also known as branchial arches) ex vivo. Using this method, we have recently described that the second pharyngeal arch contains self-renewing heart progenitors and serves as a microenvironment for expansion of the progenitors during mouse heart development. The progenitor cells remain undifferentiated and expansive inside the arch, but quickly become functional cardiomyocytes as they migrate out of the arch. We also reported that first pharyngeal arch contains muscle progenitors giving rise to myotubes after leaving the arch. Here, we demonstrate the procedure for the dissection and ex vivo culture of first and second pharyngeal arches from developing mouse embryos. The method enables one to study head and heart progenitor/ muscle development, including cardiomyocyte and myotube formation in detail ex vivo.
Introduction
Pharyngeal mesoderm cells give rise to parts of the heart and the pharyngeal muscles. During embryonic development, multipotent cardiac progenitor cells from the second heart field migrate from the pharyngeal mesoderm and populate the cardiac outflow tract and right ventricle, and their abnormal development is closely associated with congenital heart disease-the leading cause of birth defects and birth defectrelated deaths in humans [1] [2] [3] . Recent studies have demonstrated that pharyngeal mesoderm contributes to head muscles, in addition to the heart, making the mesoderm a critical part of the cardio-craniofacial development 4 . Thus, the developmental processes including induction, proliferation, and differentiation of head and heart progenitors in the pharyngeal mesoderm are under active investigation [5] [6] [7] . Until recently, it remained unknown whether cardiac progenitor cells undergo expansion without differentiation, partly due to the lack of information on their cellular environment. Our recent study suggests that pharyngeal arches serve as a microenvironment for the renewal of cardiac and muscle progenitors and can be cultured ex vivo over several weeks 8 . This explant method offers a novel and unique opportunity to study the development of cardio-craniofacial progenitors ex vivo. 4 . Use fingers to pinch/grab the skin above and below the incision and gently pull the skin in opposite directions (head and tail). 5. Use forceps and scissors to make an initial incision in the membrane at the navel region. Gently cut the membrane in V-shape from the navel to the ovaries on each side (2 x 1.5 cm 2 ), thereby revealing the uterus. 6. Use forceps to pinch the oviduct connecting the uterus to the ovary and scissors to pinch the oviduct on the ovary side, thus freeing the uterus from the ovary. 7. Gently pull up the uterus by the oviduct with the forceps and cut the uterus free from the bladder region with scissors. 8. Pull the uterus further up by the oviduct with the forceps, and cut the oviduct with scissors on the other side, thereby releasing the uterus from the mouse. 9. Transfer the uterus to a 50 ml tube and add 20 ml of cold sterile PBS with Ca 2+ and Mg 2+ . PBS must contain Ca 2+ and Mg 2+ during embryo dissection. 10. Gently shake the tube for 10 sec to wash the uterus for blood. 11. Transfer the uterus from the tube with forceps and place it in a 10 ml dish and add 5 ml of cold PBS on top of the uterus. 12. Place the dish with the uterus under a stereomicroscope.
Note: Steps 2.13-2.19 requires a stereomicroscope. 13. Use two pairs of forceps to gently open the uterus and dissect out amniotic sacs with embryos from the uterus one by one.
1. Use two pairs of forceps to carefully open the amniotic sac that surrounds the embryo, pinch the sac with one forceps and gently remove it from the embryo, use the other forceps to cut and release the amniotic sac from the embryo. If a specific genotype needed, keep amniotic sac for genotyping.
14. Place the embryo on the side and use forceps to cut the 1 st and 2 nd arch posteriorly to the heart between the arch and the pharyngeal pouch ( Figure 1A'' ). 15. Gently flip the embryo to the other side and use forceps to cut the 1st and 2nd arch posteriorly to the heart between the arch and the pharyngeal pouch. 16. Use forceps to cut the cardiac outflow tract that is still connecting the 1 st and 2 nd pharyngeal arches to the embryo. Remove the arches, which are still attached together in the shape of a butterfly (Figure 1B) , from the embryo. 17. Use forceps to pinch and release the 1 st pharyngeal arches from the remaining cardiac outflow tract and foregut endoderm (Figure 1B'' indicated with dashed line and *). 18. Use forceps to pinch and release the 2 nd pharyngeal arches from the remaining cardiac outflow tract and foregut endoderm (Figure 1B'' indicated with dashed line and **). 19. Transfer each pair of arches separately using forceps and place both arches in the middle of a designated well. Plate 1 st and 2 nd pharyngeal arches in separate wells. Ensure that the arches are in contact with the film of media added in step 1.2. It is crucial that arches are NOT covered by medium, as they need to make contact with the surface of the well for attachment during this period.
Incubation and Imaging
1. Incubate arches plated in the 12-well plate in 37 °C/5% CO 2 for 2 hr for arches to attach to the well surface area. Note: 24-48 hr after migrating cells appear around the arch and will proliferate and migrate from arch over the next 5-8 days. After 36-72 hr formation of beating cardiomyocytes can be observed from the 2 nd pharyngeal arch (Figure 2B) . Myotube formation can be observed from the 1 st pharyngeal arch 3-7 days after attachment (Figure 2A) .
Representative Results
During development, facial muscle and heart progenitors can be traced as they proliferate and migrate from the 1 st and 2 nd pharyngeal arch, to become head and heart musculature, respectively (Figure 1A, A' and A'') . Culturing pharyngeal arches offers a unique way to study heart and muscle development in detail ex vivo. After dissection and attachment of pharyngeal arches, migrating cells from attached arches can be observed within 24-48 hr of culture. Within 3 days of culture myotube formation can be observed from 1 st pharyngeal arches and cardiomyocyte formation from the 2 nd pharyngeal arches (Figure 2A and 2B) . Cardiomyocyte formation can be visually confirmed by spontaneously contracting clusters of migrating cells and/or analysis of specific cardiomyocyte markers (e.g., Cardiac Troponin T). Myotube/facial muscle formation can be visually observed by long elongated (up to 500 µm in length) spontaneously twitching cells and/or analysis of specific muscle markers (e.g., Myogenin). By using the cre-lox system in mice, mesoderm progeny can be traced by fluorescent reporters upon cre-expression during ex vivo culture (Figure 2A' and 2B') . Likewise, with this method it is possible to study the fate of progeny wherein a specific gene of interest is conditionally knocked out or overexpressed, which otherwise would result in early embryonic lethality as we previously described 8 . 
